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Introduction
The shortage of animal feed is a priority problem in the mountainous landscapes of central Ethiopia (ICRAF 1990; Seyoum et al 2001) . In the highlands of central Ethiopia (2500-3000 meters above sea level [masl] ), grasses and barley straw are major sources of animal feed. However, grasses and barley straw are characterized by low digestibility, low protein content, and poor mineral composition (Kabaija and Little 1987; Seyoum and Zinash 1989) . In addition to grasses and crop residues, where few or no alternative feed resources are available, the foliage and flower bud of woody plants are important components of sheep and cattle diets. Farmers cut branches of trees and feed them to animals. Some farmers allow their animals to feed on fallen leaves under the fodder plants. There are also a few farmers who feed leaves with salts (Kindu et al 2006) . Hence, the utilization of woody fodder species as a supplemental feed is becoming increasingly important in the highlands.
In the highlands, exotic trees and shrubs such as Leucaena leucocephala (Lam.) deWit., Sesbania sesban (L.) Merr., Gliricidia sepium (Jacq.) Steud., and Calliandra calothyrsus Meissn have been introduced and promoted to increase biomass for supplemental animal feed and soil fertility management. In some cases, the genetic base and adaptation of those introduced tree species were found to be poor. In other cases, pests and diseases have threatened them. For instance, insect damage of Leucaena by psyllids (Heterosylla cubana Crawford) has been a critical barrier to further dissemination and utilization of this tree species in the highlands. Failure of some exotic fodder species to expand suggests the need to focus on indigenous tree species in order to exploit the advantages of indigenous fodder tree and shrub species over the exotic species in terms of adaptability to the local environment, resistance to pests and diseases, availability of local planting material, and familiarity to the farmers.
Apart from the work of Abebe et al (2008) , very little research has been done so far on the nutritional value of indigenous tree and shrub species in Ethiopia in general and in the study area in particular. This also means that indigenous knowledge of fodder tree and shrub species is not strongly supported by scientific bases. Therefore, the objective of this study was to assess the nutritional value of 3 indigenous and 1 exotic woody fodder species based on their chemical composition, tannin contents, in vitro dry matter digestibility, and digestible energy.
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Material and methods
Study site
The study site is situated in the upper plateaus of Dendi and Jeldu Weredas (districts), West Shewa Zone, central Ethiopia ( Figure 1 ). The altitude ranges from 2900 to 3200 masl. The rainfall pattern is bimodal. The main rainy season is from July to September, and annual rainfall is 1399 mm. The soils are classified as Haplic Luvisols. The original vegetation in the area was mainly Hagenia abyssinica and Juniperus procera. The most common land-use systems in the study areas are mixed croplivestock systems and forest use. Trees and shrubs are concentrated around the homesteads and in the nearby Chilmo state forest. Barley (Hordeum vulgar) is the dominant crop, followed by potato (Solanum tuberosum) and enset (Ensete ventricosum). Cattle, sheep, and horses are the dominant livestock species.
Description of the three indigenous woody fodder species
More than 29 indigenous fodder tree and shrub species were identified in the study area through informal and formal survey approaches (Kindu et al 2006) . Farmers preferred Hagenia abyssinica (Bruce) J.F. Gmel., Dombeya torrida (J.F. Gmel.) P. Bamps, and Buddleja polystachya Fres. for livestock fodder over the other tree and shrub species. Farmers' preference criteria for the 3 indigenous fodder species were palatability (Figure 2 ), harmlessness to animals, availability during the dry season, coppicing ability, high biomass, and fast to intermediate growth.
Chamaecytisus palmensis (Christ) Bisby & K. Nicholls-an exotic fodder species-was recently introduced and included in the study for the purpose of comparison with the indigenous species. Chamaecytisus fixes nitrogen, unlike the indigenous species that are included in the present study. It also performs very well in the study areas.
In addition to the fodder value, the species included in the present study are useful to improve soil fertility. Moreover, H. abyssinica, D. torrida, and B. polystachya produce high biomass after pollarding, and C. palmensis does so after cutting. The location of the trees and shrubs is in hedges around the homesteads. The trees and shrubs occur in these hedges as clusters as well as pure stands. None of the tree or shrub species has thorns. Additional description of the species is given in Table 1 .
Sample collection, preparation, and chemical analysis
The study was conducted from 2004 to 2006. Initially, intensive site selection was carried out in homesteads of 14 different villages. Three villages where all the required species were present were identified from the 14 villages for the present study. Each of the 3 villages was considered as a replication. The 4 fodder species were demarcated in each village. Foliage (leaves and twigs) and flower bud samples were collected from representative branches on all sides of each of the 4 species in each village. In total, 20 trees per village and species were used for foliage and flower bud sampling. The composite samples from each village and tree species contained all palatable foliages as well as flower buds. Flower buds were included in the sampling scheme since most species produce an abundance of flower buds that are palatable for livestock.
All foliage and flower bud samples were oven-dried at 80uC for 24 hours. The foliage and bud flower samples were ground with a Cyclotec mill, then sieved using a NRC (1984 NRC ( , 1985 NRC ( , 1989 NRC ( , 1996 .
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1-mm-diameter mesh. Total N content of the foliage and flower bud was determined by Kjeldahl digestion using Na 2 SO 4 and CuSO 4 as catalysts. The total P, K, Ca, Mg, S, Na, Fe, and Mn contents of the extracts were determined using a simultaneous ICP-OES (inductively coupled plasma-optical emission spectroscopy) with an axial plasma and SCD (Perkin Elmer, OPTIMA 3000 XL). Crude protein (CP) was calculated by multiplying N by 6.25. Acid detergent fiber (ADF), acid detergent lignin (ADL), and neutral detergent fiber (NDF) were determined by the methods of Van Soest and Robertson (1985) . In vitro digestiblity was determined using the method presented by Tilley and Terry (1963) , as modified by Van Soest and Robertson (1985) . Values are expressed as in vitro dry matter digestiblity percentage (IVDMD%). The insoluble NDF-bound proanthocyanidins (condensed tannins [CT]) were determined as described by Reed et al (1982) where OM is % of organic matter. For feeds for which data on IVDMD were available but OM was unknown, the latter was assumed to be 90% of the dry matter (DM); IVOMD (in vitro organic matter digestiblity) was assumed to be the same as IVDMD; 12.9 represents the endogenous losses of energy in feces; 4.4 is the average concentration of energy (Mcal kg
21
) in the digested OM; and 20.3 is the intercept.
Data management and analysis
A one-way analysis of variance (ANOVA) was carried out on CP, mineral composition, ADF, NDF, ADL, condensed tannins, IVDMD, and digestible energy (DE) using SAS (SAS 1999) . Significance between means was tested using the least significant difference (LSD). A level of P , 0.05 was chosen as the minimum for significance. Standard errors of the means were calculated from the residual mean square in the analysis of variance. Correlation analysis was performed to understand the relationships among IVDMD, CP, ADF, NDF, ADL, and CT. Similarly, regression analysis was conducted to establish the relationship between dependent variable (IVDMD) and several independent or predictor variables such as ADF, NDF, ADL, and CT.
Results and discussion
Crude protein, NDF, ADF, ADL, CT, IVDMD, and DE
The ranges in crude protein content in the foliage and flower bud of the 4 species were 188-234 mg g 21 and 124-170 mg g 21 , respectively (Table 2) . However, the CP content of the foliage and flower bud in the 4 species was much higher than the minimum required CP level (70 mg g 21 ) of beef cattle (Minson and Milford 1967 ) reported for six Acacia species in Kenya (Abdulrazak et al 2000) . The high CP content in the foliage of C. palmensis could be due to the N-fixing ability of the species.
The NDF, ADF, ADL, and CT contents of the foliage and flower bud in H. abyssinica were relatively low as compared to the other species. The contents of NDF and ADF in H. abyssinica, D. torrida, B. polystachya, and C. palmensis were within the ranges reported for browsed tree species by Larbi et al (1998) , Abdulrazak et al (2000) , El Hassan et al (2000), and Khanal and Subba (2001) . The variability in CT content among species was higher in the flower bud than in the foliage. The CT content of the flower bud in D. torrida was exceptionally high. High ADL and CT contents can limit the voluntary feed intake, digestibility, and nutrient utilization of ruminant animals (Khanal and Subba 2001) . In general, the levels of ADL and CT in foliage and flower bud of most of the species cannot be considered to have effects on the feed intake and performance of ruminants for 2 reasons. First, farmers in the study area provide the foliage and flower bud of the fodder species not as a basal diet but only as supplemental feed. Second, farmers do not find a sufficient quantity of foliage and flower buds for their animals over a long duration.
The IVDMD values of the foliage and the flower bud for H. abyssinica and C. palmensis were comparable. The high foliage IVDMD values of the 2 species could be associated with the low level mainly of CT. The IVDMD value of H. abyssinica in our study was high as compared to the IVDMD value reported for Chamaecytisus palmensis, Leucaena leucocephala, Sesbania sesban (15036), Acacia angustissima, and Vernonia amygdalina (El Hassan et al 2000) . The digestible energy of the foliage of H. abyssinica and C. palmensis was significantly higher than the digestible energy of D. torrida and B. Polystachya (Table 3) . Dombeya torrida had the lowest digestible energy as compared to the other 3 species. H. abyssinica and C. palmensis had a higher foliage DE:CP ratio than the other 2 tree species. Mineral composition of fodder species
The contents of P, Mg, and S were within the recommended normal requirement range (Table 3) . Differences among the species for P were more pronounced in the foliage than in the flower bud. The contents of K, Ca, Fe, and Mn were above the recommended range. The high K level in relation to Ca and Mg has been associated with reduced magnesium absorption. Potassium reduces Mg absorption when the K/(Ca + Mg) ratio exceeds 2.2 (Kemp and t'Hart 1957) . The K/(Ca + Mg) ratios of the foliage of the 4 species were below the critical level. The content of Na in the foliage and flower bud was below the requirement, and Na is important to regulate osmotic pressure, acid-base, and water balance in animals' bodies. Low levels of Na in feeds affect absorption of Mg (Martens et al 1987) . Common salt or local mineral sources such as mineral soil can improve the deficiency of Na in the foliage and flower bud feed resources.
Correlations among CP, CT, ADL, ADF, NDF, and IVDMD ADL and CT value in the foliage and flower bud were negatively and significantly correlated with IVDMD for the 4 species (Table 4) . ADL in the foliage and flower bud was also positively and significantly correlated with CT. ADF in the foliage was highly and positively correlated with ADL and CT. Unlike in the foliage, CT alone or in various combinations with ADL and ADF explained 86% of the variation of IVDMD in the 4 species (Table 5) . Hence, CT, ADL, and ADF can be good predictors of IVDMD for the foliage and flower bud of the 4 species.
Conclusions
The 4 woody fodder species had adequate mineral nutrients in their foliage and flower buds except for Na. The CP contents in the 3 indigenous species were comparable to that of the exotic species. The digestible energy of the foliage for H. abyssinica, D. torrida, and C. palmensis was found to be high as compared to the digestible energy in their flower buds. In addition to favoring the indigenous species described here, it would be necessary to integrate the N-fixing woody fodder species into the farming system to sustain the production of N-rich fodder resources. In general, the foliage and flower bud of all investigated woody species can be used as sources of supplemental fodder within a proper feeding management scheme.
